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OESCR1PTIOU W THE EKPfRIKMT

A rectangular, glass quarlum (minally 50 cm

long, 23.5 a ui~ tnd 29 a hf~h) IS dlvfdcd lnti *O
qucl -s by t pleKigltss dlv~dfng-w~ll (SW Figure
1). A 4,0-cm-wf@ K 20,1 -cm-hfqh dmrw~y ~s cmtired

Figure 1. Each the~couplt was calibrated to within
*o. ]”c. Ttw dOOrWay OPMifq is cuwcred With a
3*thfck ~ltxlgl,ss plate ~lch slides vertfc!lly
through a c ft In the cover plate. No Insulation Is
required for tive system, since the tiw amstant for
bat loss to tkm surroundlmgs fS over m hour, whereas
the ontfre ●xperfmnt runs fn sbcwt 4 minutes. The
outside surfaces of the tati ar~, In effect,
insulated.

The tank is filled with -ttr to 1.0 m above the
t- of tnt doorway. letvf~ t 3. O-tn ifr 9&P belou the
cover plate. About 1.5 liters of water Is rwved
fra tlw left sldt, heated tm &bat 95-C, ati then
Poured back with vigorous stfrrfng to produce a
unlfotm ~ortture. The fluid mtion fS d~td wfth
a grtics -, the top fs Jet in plac~, therwmcoupls
rakes fnstal led, data loqgcr started, and then the
door It gently removed. The elapsed time frm pourfng
the hot wat~r to openl~ :tve door Is abwt 2 mlnutts.

RESULTS FRM TW EXWRIMENT



4ool#m Wflt. Tb t&m
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10s rwped In
muccossfon M they ~re qulfod y the Inflowlng
fluid. A aftm 200 sccmds Wm tink @wwches t
stiw of strttlfic~tlm that tt tha same fn both
M. W tilwt of * stratlffcatfon
mratmm df$trlbutim Is tlm shun In Flguw 3
whwe w nc+ti th.st th cold ~ ~ouPlo rake Is
d)alt3m lw@rthafntlw hot-.
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Applfcatlon of @n Invfscfd or fflce ~htfon produces a
v~rtlcal dlstrfbutlon of horlzonul v~lcwlty that
varies u tha square mot of dfstince frm the doorw~Y
c~ntcr. Wti the hot rocm placed cm the left, the
fla In the dooruay -r-half IS to the right, ml to
tlw left in tht Imr-half as fllustmted In Figure 4.
He ned wnslder only ttw tp~r-hal f, for filch the
v~locf~ dfstrlbutim IS

v=/12gy(pc - Ph)/Pavgl (1)

-’4P--
.7

dhl ht ● 41A (4)



-1/2

~~(A/b)(2qh(P -Ph)/P ) “-J Wg

For the conditions of av

A ■ 574.4 C#, b -

PC = 997.13 kg fcmg,

Qxperlmnt, w hav~

4 Cm, h= 11.04 cm

ph ■ 995.12 kq/m’

(6)

yleldl~ ~ ● 22.8 seconds. Tlm denslt
/

values are
taken frm Ucast (19 M). The lnltl~l v~ u fw hl Is
12.04 a in t~ cold rem, slnm tlm U* fs fflled to
lcmabove tktopofthetirway. TM, H(OJ I H
Is 1.09. Eq. (5) Is Integrated antlytlctlly tnd H IQ
urittm as m lql~clt function of t*.

-ml/[ (l-me)”t* ■ in ([1 + ~ol}l

.(1 + ~)]) I (7)

Equation (7) was solvod for ths tlm history of H In
tht COld mm and the results m~ Wbulatod In tlta
Tablo 1.

5 0.944
10 0.799

0.657
; 0.521
25 0.3%
30 0.222

0.164
; 0.104
46
w :%
Ss.1 O.m

Tablo 1. Ilmtlnhlstwyo’f HXEQ. (7) for tho
dtlms la * eEp@rlm.
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Is 2 2.s 3

I* H*, M(l” - 01

Ffg. 5 I@lllbratlon time, t*(H=O), as a fun:tlon of
the dimensionless fnltlal hefght of the thwwcline,
H(0).



So even If the wall t~peratures can be changed
Instantaneously, the baandary layer wI1l stfll develop
Its motiw over a tiw l~er thsn the fnternal wave
perfod. Furthermore, if tb core of the enclosure Is
inltfally of uniform ~ratur+e (as ~c the case In
w ;t of tlw wrks clte4 above), there is no potential
for the exfstence of waves In the core. It takes time
to develop the stratfffcatfon temperature distribution
In th core. In the references cftwj above, the flows
were all driven by natural convection boundary layerc
fn undlvfd~ ●nclosures. a rath~ gentle disturbance.
The situation is qufte different in our @xporlment
where large quantities of flu~d are ●xchangti rapfdly
bet-en the two roms, and so It ts not surprising
that waves prove to be ,a significant feature of the
flow.

He had expected less mtraimnt by the counter-
flowfng streams, and a sharper thermocline. The
sfmpl= mdel presented above reflects that thfnklng.
But substantial flm entraf~nt Is evfdent frm
vfsual observation of the dye plumes, and by the
behavior of the t~eratu~ proflle$ In Figure 3. If
there had been no mtxfng, then the process would
result In tle ●ntfre upper half of th tnclosul~ being
hot, and the lower half to be cold (In ~th ins).

50, what basfs can ther~ ~ for Q c~arfson of the
simple mdel wtth the oxperfment?

Ftrst, one can state that the tabulated distri-
butions for H, given above, shon a tfn dependence
that is fairly close to what Is obstrvcd. More
Speclffcally, one can ~are the total time duration
of 55.1 s~conds fcr the UMory with the cxpcrfmntal
crossover pofnts at 72 and 69 ~cconds for the cantrtl
thamocouplo pafrs (3 and ]3, and 1 and 14) SM In
Ff ure 3 as ~ntfon~d above.

!
Also, the Inftfal

ve ocity of the thermoclfnc (f.c., dhl/dt) can be
caputed frm tlw mdtl to be 0,32 Ws; the ~asurod
valuts were shout 0.4 en/s as det~rmincd fra FI ur~ 2

?by okr~rvl~ th fnitlal rospom~ of tha~oup QS 5,
6, 11, and 12, SO than lt ~trs that t slmplc~l
that fgnoras lntomal wave phan~ Qd amtralment
doss fafrly -11 fn pradlctfng tha aquflfbratfon tfme
for tfm procass.

COMCLUSIOKS

drfven by only
between tlw zones
and ●ntralrnent.

hydrostatic pressure differences
and fgnores tnternal wave formation

He are currentlv mdifvina an ●xistfno sfmplff~ed
mdel for Interzonai heat ind “mass trans o;t through a

[doorway (Jones ●t al. 1985a) to Inclu e entrainment
but stfll ignoring the internal wave phen-na. The
princfpal ●l-nts fn It are the core models which are
connected ti each other thrcugh the simple doorway
model described above. The cores entrtfn all flow
through the doorways in addition to fluid flows ori-
ginating psslbly frm ~undary layers and ~e~al
plumes at core boundarf?s of dffferent t~eratures.
The model has undergone prelfmtnary validation (Jones
●nd Balcti, 1985b). Although there are no noteworthy
results to report yet fran this new phase, preliminary
indications are that sucn simple models are qufte
capable of accurately predicting transfent and quas~-
steady ap?rture flows and s’.ratfftcation temperature
gradfents !n the cores.
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